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The 1990 American College of Rheumatology (ACR) classification criteria have long provided guidance for the diagnosis of FM based on the primary criteria of widespread pain and a manual tender-point exam for demonstrating the presence of tenderness at a minimum of 11 of 18 specified points. These criteria were updated in 2010 by adding a symptom-severity assessment and eliminating the tenderpoint exam. 4 Despite the availability of these diagnostic criteria and various screening tools, FM patients still cycle through the health care system for several years before receiving a diagnosis; patients have reported delays of up to 5 years from when they first presented to a physician about their FM symptoms to receiving an actual diagnosis. 1, 3 Identifying variables associated with, or predictive of, developing FM can enhance understanding of the disease and provide a focus for development of appropriate management strategies. Previously, patient-reported registry data demonstrated that the widespread pain that is characteristic of FM was predicted by somatic symptoms, psychosocial and socioeconomic factors, fatigue, sleep problems, and workplace stress. 5 A recent narrative review of biologic markers further highlighted the need for such identification, since while several markers can be considered suggestive of FM, none has unequivocally been shown to be a clinically useful predictor of developing this condition. 6 Another relevant approach is to identify variables associated with an FM diagnosis, which can be used to inform health care providers of patients in the clinical setting who have a high likelihood of FM, thus reducing the diagnostic delay and facilitating earlier treatment initiation. To identify such variables, it may be necessary to go beyond the demographic and clinical characteristics that have been evaluated based on their ready availability in databases that are frequently used for these types of analyses.
The emergence of electronic medical records (EMR) may provide an opportunity to evaluate a wider range of variables associated with an FM diagnosis in the clinical setting. EMR capture real-world, patient-level data that represent integral components of provider care. 7 These records allow a more complete longitudinal evaluation, including variables that may not necessarily be available from other sources such as claims databases or patient registries. Consequently, results generated using EMR may have greater applicability to clinical practice, and retrospectively evaluating "EMR markers" to characterize the variables associated with an eventual FM diagnosis may provide an opportunity for the earlier identification of FM patients. Therefore, the purpose of the study reported here was to evaluate EMR data with regard to differences in demographic, clinical, and health care resource utilization variables between subjects with a diagnosis of FM and those without FM. Such characterization may provide a first step toward identification of variables predictive of an FM diagnosis to help support the clinical management of FM.
Methods

Data source
This retrospective study was designed to use structured EMR data from the Humedica database to evaluate the characteristics associated with FM diagnosis. The database has broad geographic representation across the USA and captures a range of information longitudinally including demographic, clinical, claims, and medical administrative information. 8 Humedica aggregates de-identified EMR data from providers across the continuum of care. Structured data include demographic information, clinical characteristics, and health care resource utilization. All records are linked through a unique patient identifier and are fully Health Insurance Portability and Accountability Act compliant with regard to patient and provider identification as well as protected health information.
subjects
All subjects who met inclusion and exclusion criteria were included in the study. Subjects were required to be $18 years of age in 2011, and enrolled in an integrated delivery network with at least one encounter with a health care provider recorded in the Humedica database in both 2011 and 2012. Subjects were excluded if they had at least one medical claim anytime during 2011-2012 with an International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis code for malignant cancer (except for basal-cell and squamous-cell skin cancers and benign neoplasms) or an International Classification of Diseases, Ninth Revision (ICD-9) code for diagnosis or procedure for transplantation. Subjects who were resident in a nursing inpatient facility anytime during 2011-2012 were also excluded, as were subjects with evidence of an FM diagnosis (ICD-9 code 729.1) prior to 2012.
An FM cohort was identified from among subjects who met all inclusion and exclusion criteria, and was defined based on the presence of at least two ICD-9 codes for FM (729.1; myalgia and myositis, unspecified) $30 days apart during 2012; this 
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Variables associated with fibromyalgia diagnosis code is used in database analyses in the absence of a specific ICD-9 code for FM. The no-FM cohort consisted of similar subjects but without the FM ICD-9 codes.
analyses
The EMR database captures information documented by health care providers at the point of care for patients actively seeking and receiving care. Variables included demographic and clinical characteristics reported by patients and clinicians, general comorbidities defined based on ICD-9 codes documented in the EMR, the Deyo-Charlson Comorbidity Index, 9 and health care resource utilization for the year 2011 (ie, prior to the FM diagnosis) across a variety of categories including inpatient and outpatient encounters, visits in which diagnostic/laboratory testing or imaging was ordered, and medications. Humedica aggregates resource utilization information from health care delivery encounters, and this information was used to estimate resource use by encounter type. These characteristics for the FM and no-FM cohorts were summarized descriptively, with comparisons performed using likelihood ratio chi-square tests for categorical variables and two-sample t-tests for continuous variables. Univariate logistic regression analysis was performed to identify variables showing significant differences between the populations with and without an FM diagnosis based on estimated odds ratios (ORs) and their associated 95% confidence intervals (95% CIs). All analyses were conducted using SAS software (v 9.2; SAS Institute Inc., Cary, NC, USA).
Results
Patient characteristics
From among the individuals in the Humedica de-identified database during 2011 and 2012 (N=9,318,581), a population was identified of 587,961 subjects meeting all inclusion/ exclusion criteria and having all required demographic and clinical information (details of population attrition are presented in Table 1 ). From this population, 4,296 subjects (0.7%) were identified as having FM based on the predefined ICD-9 code criteria (ie, $2 FM codes), with 583,665 subjects remaining in the no-FM cohort. During 2012, there were 7,157 subjects (1.2%) who met inclusion and exclusion criteria but had only one FM ICD-9 code, and these subjects were included in the no-FM cohort.
As shown in Table 2 , there were significant differences between the cohorts with regard to demographic characteristics, including a higher predominance of females in the FM 
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Masters et al cohort (78.7% vs 64.5%; P,0.0001) and differences in age and race as well as geographic distribution and insurance plans. Subjects in the FM cohort also had a significantly higher score on the Charlson Comorbidity Index (0.8 vs 0.5; P,0.0001) ( Table 2) . In the year prior to the FM diagnosis, nearly all evaluated general comorbid conditions had a significantly higher prevalence in the FM cohort relative to the no-FM cohort (Table 3) .
Univariate analysis showed that nearly all comorbidities were associated with a higher likelihood of an FM 
health care resource utilization
Relative to the no-FM cohort, significantly higher proportions of FM patients used each of the health care resource categories (P,0.0001) except "Visits in which imaging was ordered" (P=0.379) ( Table 5 ). The resource category with the highest likelihood of an FM diagnosis was "Visits in which diagnostic/laboratory tests were ordered," (OR 5.8; 95% CI, 5.5, 6.3), followed by "Outpatient visits (excluding office visits)", (OR 4.8; 95% CI 4.4, 5.1), and "Opioid prescriptions administered/ordered/written" (OR 4.6; 95% CI 4.3, 4.9). ORs for the other resources ranged from 2.1 (95% CI 2.0, 2.3) for "Hospitalizations" to 3.6 (95% CI 3.4, 3.9) for "Prescriptions administered/ordered". Similarly, when differences between cohorts were evaluated for the number of units of resource used per patient (Table 6 ), the FM cohort was associated with significantly (P,0.0001) greater utilization of each of the categories except for "Visits in which imaging was ordered". In both cohorts, the highest number of units used per patient was for office visits (defined as an office or clinic visit), with means of 16.8 and 11.1 office visits per patient in the FM and no-FM cohorts, respectively. The greatest difference between cohorts was for "Prescriptions administered/ordered", with 15.1 prescriptions per FM subject and 6.6 prescriptions per no-FM subject, and the greatest proportional difference was for "Opioid prescriptions administered/ordered/written", which was 3.9-fold higher per FM subject (3.5 prescriptions per subject) relative to no-FM (0.9 prescriptions per subject).
Discussion
In contrast to studies that have attempted to identify biologic factors predictive of developing FM, this study used a The results of this study also show significant differences between the two cohorts for nearly all the demographic and clinical characteristics. Demographic differences of sex and age have previously been characterized, since the onset of FM is age-related and its prevalence is higher in females. 4 While a high prevalence of comorbid conditions has also been well recognized in FM, 10, 11 the current analysis suggests the magnitude of these differences, both with respect to the types of comorbidities and the likelihood of their prevalence relative to no-FM subjects. With regard to the types of comorbidities, it should be noted that in addition to significant differences in comorbidities that are recognized as being associated with FM, including musculoskeletal and gastrointestinal conditions, several other comorbid conditions were observed to have a significantly higher prevalence in the FM cohort. These other comorbidities included dyspareunia, which had a more than threefold likelihood of being associated with an FM diagnosis relative to no-FM. Dyspareunia may be expected in patients with FM who may have hypersensitivity to touch, although its overall prevalence is low, possibly based on low self-report by patients and minimal questioning of sexual activity by health care providers. Other comorbidities which had a two-to fourfold increased likelihood of an FM diagnosis included chest pain, memory loss, involuntary movements, and obesity/morbid obesity. While non-cardiogenic chest pain, which may be due to pectoralis muscle spasm, can result in increased health care resource utilization, 12 memory loss is a cognitive symptom that represents an important domain and is included in the 2010 ACR criteria for FM. 4 Obesity, particularly morbid obesity, has been associated with decreased functional capacity in FM patients, 13 and, as such, may increase the likelihood of 
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Variables associated with fibromyalgia diagnosis diagnosis; it is not known if obesity increases the risk for FM. It should be noted that the significant differences observed between FM and no-FM for several of these comorbid conditions (eg, dyspareunia, lupus) was facilitated by both the use of EMR data and a large sample size. However, their low prevalence, even though significantly associated with FM, suggests that they are unlikely to be useful as diagnostic predictors.
A unique and important observation of this analysis is the identification of health care resource utilization categories as variables associated with an FM diagnosis. Previous studies that evaluated health care utilization in FM patients have found substantial utilization of these services. 14, 15 Results of the current study not only support the high utilization of health care resources in patients diagnosed with FM, but expand on the previous literature by comparing these patients with a control cohort that did not receive a diagnosis of FM. These results suggest that the statistically significant differences between these two cohorts may be of use to identify those having a higher likelihood of a future FM diagnosis. In particular, in addition to inpatient and outpatient visits and prescriptions, "Visits in which diagnostic/laboratory tests were ordered" was also significantly different between cohorts, with respect to both frequency and number of units. Indeed, "Visits in which diagnostic/laboratory tests were ordered" had the highest OR (5.8) of all the evaluated health care resource categories. This variable may be of special interest as a predictor of an FM diagnosis, since there is often a gap between FM symptom onset and diagnosis that results in high resource use in the years before diagnosis when patients may be searching for the cause of their symptoms. 3, 16, 17 Recognition of a higher use of diagnostic/ laboratory tests may indicate those patients requiring further evaluation using a guideline-based approach for identifying the presence of FM.
Strengths and limitations
Several strengths and limitations of this study should be recognized. The use of "real-world" EMR data from multiple sites across the USA provides external validity and is an important strength of this type of analysis. Furthermore, the dataset contains data collected routinely in clinical practice, some of which are not generally available in claims databases or patient registries. The use of these data thereby enables a more comprehensive approach to identifying objective, and potentially quantifiable variables associated with an FM diagnosis that may have a direct application to clinical practice and care management. As far as we are aware, such data have not previously been used in univariate analyses to identify variables associated with FM.
On the other hand, a limitation of such database studies is that there is the potential for errors in coding or record keeping at the point of the health care provider. In this regard, as previously noted, $2 ICD-9 codes were used to improve the accuracy of identifying the FM cohort. However, since 1.2% of the population meeting the inclusion/exclusion criteria had a single ICD-9 code for FM, it is likely that there were patients in the no-FM cohort who were properly diagnosed with FM but were excluded from the FM cohort based on the more conservative ICD-9 inclusion criterion. Furthermore, since these databases are dependent on documentation by individual providers in the course of care delivery, clinical information such as the criteria used by each provider to diagnose FM is not routinely collected. The observational nature of the study is also a limitation, and since causality cannot be determined, all results should be considered inferential.
Conclusion
Consistent with the known epidemiology and patient-reported symptomatology of FM, demographic and clinical variables collected in clinical practice through EMR systems across the USA were identified that may be associated with an FM diagnosis. Significant differences in health care resource utilization across several resource categories were also identified, suggesting these resources are associated with an FM diagnosis. These results suggest that analysis of EMR data can help identify variables associated with FM in a real-world setting, and that further evaluation of health care resource utilization as a metric of FM diagnosis is warranted.
